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1. INTRODUCTION 



Dynamic electric dipole polarizability functions describe the response of atoms to applied oscil- 
lating and fluctuating electric fields and consequently they are necessary ingredients for many appli- 
cations [1]. When evaluated as functions of imaginary frequencies they can be used for straightfor- 
ward calculations of long-range interactions such as the dispersion (or van der Waals) and retarded 
(or Casimir-Polder) potentials between two atoms, the potential between an atom and a surface [2] 
or of an atom between two surfaces [3,4], and the dispersion (or Axilrod-Teller) potential between 
three atoms [5,6,7]. Other applications include evaluation of the Lifshitz formula for the free energy of 
macroscopic media at zero and non-zero temperature [8] and quantum reflection studies [9]. Numeri- 
cal values of dynamic polarizabilities are useful tests for computations of atomic structure using wave 
function based methods [10] or density functional theory methods [11,12,13]. 
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We have carried out a program of calculating the dynamic electric dipole polarizabilities of the 
alkali-metal atoms and of the alkaline-earth atoms for use in determining long-range dispersion coef- 
ficients [10,14,15,16] for photoassociation and ultra-cold atom scattering studies. For those papers it 
was not necessary to list the values of the polarizabilities as functions of imaginary frequencies. Since 
they are useful in a range of contexts, we present herein a set of values in readily usable form. For 
completeness, we also tabulate the corresponding static polarizabilities [17,18], dispersion coefficients, 
and atom-surface interaction coefficients. 



2. THE ATOMIC DYNAMIC ELECTRIC DIPOLE POLARIZABILITY 



The atomic dynamic electric dipole polarizability is given by the expression 

<(u) = S' n - fn 



a 



(1) 



with /„ the absorption oscillator strengths, (On the excitation energies, u the frequency of the applied 
electric field, and S' a combined summation over final discrete states and integration over final contin- 
uum states excluding the initial state. The function a(ico) is defined by the replacement of u by ico in 
Eq. (1) [5,19,6] and it can be constructed from calculated bound and continuum properties, or varia- 
tionally, or obtained from fits to combinations of theoretical and empirical data. The function a (ico) is 
real and smooth. Oscillator strength sum rules dictate that it vary from the value a(0) at CO = to the 
value N e / CO 2 as CO ~ °°, where N e is the number of electrons in the atom. 

The dispersion (or van der Waals) constant C§(AB) enters in the interaction potential — C^AB) /R 6 
between two ground state atoms A and B at large internuclear distances R, see for example, Ref. [6]. 
The constant C(,(AB) can be expressed as 



3 f 00 

C 6 (AB) = - dcoa A (ico)a B (ico) , 
71 Jo 



(2) 



where a A (ico) and a B (ico), respectively, correspond to atom A and atom B. 



The potential between an atom and a perfectly conducting metal surface is given in terms of the nor- 
mal distance z between the atom and the wall as —C^/z 3 , where the atom-surface interaction coefficient 
is 



1 f°° 

C 3 = — / dcoa(ico) . 
An Jo 



(3) 



Integration of Eq. (3) for C3 yields an alternate form in terms of the ground state atomic wave function 
|0>, 



c ' = 72<° 



where r ; is the position vector of electron / from the nucleus. 








(4) 
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3. SOURCES OF POLARIZABILITY DATA 



3.1. Alkali metals 



The dynamic polarizability for hydrogen is known analytically [20,21]. It is also available in pa- 
rameterized forms using pseudo dipole oscillator strength distributions (or "pseudo-DOSDs") [22] as 
well as in tabulations at various imaginary frequencies [23]. For the present work, it was calculated to 
sufficient accuracy using direct summation over a relativistic B-spline basis for the Coulomb field. 

For alkali-metal atoms we employ dynamic polarizabilities calculated previously in Ref. [10,14,24]. 
In that work, dynamic polarizabilities were obtained by combining high-precision experimental data for 
matrix elements of principal transitions with several many-body methods of various accuracy. In par- 
ticular, the relativistic linearized coupled-cluster method limited to single and double (SD) excitations 
from the reference state was used for calculation of oscillator strengths for the first several excited 
states. The results for SD matrix elements were presented in [25]. The relativistic random-phase ap- 
proximation (RRPA) was employed for calculation of the contributions to the polarizabilities from core 
excitations, and, finally, the Dirac-Hartree-Fock (DHF) method was used to obtain less significant con- 
tributions. 

The resulting static polarizabilities and dynamic polarizabilities at imaginary frequencies for hy- 
drogen and the alkali-metal atoms are collected in Table I. 



3.2. Alkaline-earth metals 



To calculate the dynamic polarizabilities for alkaline-earth metals dimers we employed several 
atomic relativistic many-body methods of varying accuracy [15,16]. The intermediate states in the sum 
appearing in Eq. (1) were formally separated into valence and core-excited states giving 

a(ico) = a v (ico) + a c (i(o) + a cv (ico) . (5) 

The valence contribution a v , which gives the dominant contribution to C^, was evaluated with the 
relativistic configuration interaction (CI) method coupled with many-body perturbation theory (MBPT) 
[26,27]. The smaller contributions of core-excited states a c were estimated using RRPA for the atomic 
core. In this method excitations of core electrons are allowed into the occupied valence shell and we 
introduced the correction a cv to remove these Pauli-exclusion-principle- violating excitations; this small 
correction was evaluated using the DHF method. The values of polarizabilities were further adjusted 
using accurate theoretical and experimental data for the electric-dipole matrix elements and the energies 
of the principal transitions (see [15,16] for details). The resulting static polarizabilities and dynamic 
polarizabilities at imaginary frequencies for the alkaline-earth atoms are collected in Table EL 
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3.3. Inert gases 



Dynamic polarizability data for the helium atom were obtained in the present work using an essen- 
tially exact relativistic CI method. 

For the dynamic polarizabilities of Ne, Ar, Kr, and Xe, we used the semi-empirical dipole oscillator 
strength distributions (DOSD) constructed by Kumar and Meath [28] using constraints such as oscillator 
strength sum rules applied to certain available experimental data. The values in Table III constitute a 
different representation of the data presented by Kumar and Meath [28]. 

The resulting polarizabilities for the inert gases atoms are collected in Table III. 



4. THE TABULATED DATA 

The values of the static polarizability, a(0) are given in the first line of Tables I— III. Comparisons 
of values of Gf(0) from various sources for various atoms can be found in the literature, cf. [17,18]. 

A typical application of dynamic polarizabilities involves integration of a product of a{i(o) with 
a smoothly behaving function f(co), I = /q° f{(0)a{i(0)d(0. The integration over frequencies ranges 
from zero to infinite values. An economic and accurate method for evaluating such integrals is the 
method of Gaussian quadratures [23]. In this method the above integration is replaced by a finite sum 

/ = Y<k=\ w kf(G>k)oc(i00k) over values of f((Ok)a(iO)k) tabulated at certain frequencies a>k yielding an 
/Vg-point quadrature, where each term in the sum is weighted by factors w^. In this work we use points 
and weights listed in Table A and N g = 50. 

4.1. Applications to atom-atom dispersion coefficients 

The dispersion coefficients are computed by evaluating Eq. (2) using the Gaussian quadrature 
method yielding 

3 50 

C 6 [AS) = -Yw k a A {ico k ) a B (icd k ) . (6) 
K k =i 

For comparisons listing various previous determinations of the van der Waals coefficients, see Maeder 
and Kutzelnigg [29], and our previous papers [10,15]. The resulting coefficients for various pairs of 
alkali-metal, alkaline-earth, and noble-gas atoms are listed in Tables B-G. 

For the alkali-metals, the accuracy of calculation of dispersion coefficients using Eq. (6) and 
presented in Table B was estimated using i) experimental error bars for principal transitions and //)) 
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by comparison of the atom-wall interaction constant C3 obtained as an integral of the dynamic po- 
larizability, Eq. (3), with the SD ab initio calculation of Eq. (4) [30]. The estimated accuracy for the 
C(, coefficients was at the level of 0.1% for Li, with less accurate results for heavier systems, reaching 
1% for Cs and 1 .5% for Fr. Agreement with subsequently determined experimental values for coeffi- 
cients was excellent. For example, for Cs, the predicted value was found to be in an excellent agreement 
with the results from Feshbach resonance spectroscopy with ultracold atoms [14]. Similarly, in atomic 
units, our value 399.8 for the static polarizability of Cs listed in Table I is in 0.3% agreement with the 
experimental value [31] of 401.0(6). 

For the alkaline-earth metals, in Table C we present C(, coefficients for homonuclear and heteronu- 
clear dimers. The estimates of the uncertainties in these coefficients was discussed in detail in Ref. [16]. 

For the inert gases, in Table D, we have indicated uncertainties of 1% for the tabulated values of 
C6, as suggested by Kumar and Meath [28]. The analysis of the latest experimental data for inert gases 
by Bulanin and Kislyakov [32] is in excellent agreement with the results of Ref. [28] for values of the 
dynamic polarizability a{i(o) below the first resonance. However, there are differences at the 1% level 
in the values of oscillator strength sums obtained in Ref. [28] and Ref. [32], supporting the estimate of 
a 1% level of accuracy for the Cg coefficients obtained by Kumar and Meath [28]. 

For the heteronuclear atom pairs, the dispersion coefficient C^AB) of the alkali-metals and the 
alkaline-earths are listed in Table E, the values for the alkaline-earths and the noble gases are listed in 
Table F, and those for the alkali-metals and the noble gases are listed in Table G. 

The uncertainty dC(,(AB) in C(,(AB) was estimated using the expression 

dC 6 (AB)/C 6 (AB) = ^[(dC 6 (AA)/C 6 (AA)) 2 + (dC 6 (BB)/C 6 (BB)) 2 ] 1 / 2 . (7) 

4.2. Applications to atom-surface interactions 

The atom-surface interaction coefficients were computed with Eq. (3) using the Gaussian quadra- 
ture method yielding 

j 50 

C 3 = —Y,w k a(ico k ). (8) 
47r k=\ 

The resulting values are given in Table H. 

APPENDIX A: GAUSS-LEGENDRE QUADRATURE 

We determine the tabulated grid points and weights in two steps. First we obtain the Gauss- 
Legendre abscissas and weights defined on the interval (0, 1) with N g = 50 points. The weights 
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and abscissas are generated by routine gauleg of Ref. [33]. Further we use mapping function (Ok = 
2tan(7r/2xfc), so that the resulting values of 0) sample the entire integration range. The Gauss-Legendre 
weights are also properly redefined to incorporate the Jacobian of the coordinate transformation, Wk = 
g^n/ cos{n/2xk) 2 . The final values are given in Table A. 



Table A 

Gaussian quadrature abscissas ft)/, and weights Wk for a 50-pair integration, with k = 1, 50. 



K 


(Ok 


Wk 


K 


(Ok 


Wk 


1 


C\ P\P\1 TQA/iC 

U.UU1 /oUoj 


f\ C\C\A CAOOA 

U.UU4joooo 


ZD 


z. lUUlo 


U.zUjjoI 


o 

Z 


f> flOQIT/l A1 

U.UUyj /4oj 


A A 1 A/11 QC 

U.UlUoloj 


T7 
Z / 


11 A/1 /I 
Z.J LOW 


U.zz / lyy 


j 


U.UzjUUoo 


A A 1 £/:nQ 

U.UIooj /o 


zo 


O C<7 1 1 

Z.DD 1 13 


A OC/1 1/11 

U.zj4J4J 


A 

4 


U.U4zoj1 


u.uzzjyyo 


Zy 


Z.OZOOJ 


U.zooUUj 


C 

J 


r> aac ion 
U.Uoolol / 


a aoc/1 oon 


1f> 

jU 


1 1 1 1 TQ 
J.ljlZO 


a 1 0/i 1 A/r 
U.JZ41U0 





A AQACQ 1 n 


U.Uj4zy / 1 


1 1 
jl 


J. 4 / / /O 


a nr>iQ 1 
U.j /UjoI 


"7 

/ 


a i iat/I o 
U.l JO /4o 


A A/1AAOT7 

U.U4UUzz / 


jZ 


1 C7<<1 
J.O / J J J 


A A T7 1 C/1 

U.4Z / 1 j4 


Q 
O 


U.l /yoUz 


A A/1 C/^T 1 Q 

U.U4J0 / lo 


ii 
jj 


/I 11AA 

4.JJOO 


a /i m^Ti 

u.4y / j /z 


A 

y 


U.zzoU/ 1 


A AC 1 OCAO 

u.Ujizjyz 


34 


4.o /ooj 


a cocmA 

u.jojy /o 


1U 


a loot m 
U.zozlU / 


U.UjooUo4 


1^. 
jj 


J.jlOJJ 


U.oyo4oj 


1 1 


U.j41ooo 


u.uozjjiy 


i a 


A 1Q/I /I C 

o.zo44o 


U.o4j /oj 


12 


0.406823 


0.0679318 


37 


7.21927 


1.03477 


13 


0.477579 


0.0735998 


38 


8.37558 


1.29076 


14 


0.554072 


0.0794176 


39 


9.83228 


1.64181 


15 


0.636488 


0.085458 


40 


11.7066 


2.13626 


16 


0.725091 


0.0918056 


41 


14.179 


2.85525 


17 


0.820235 


0.0985589 


42 


17.5384 


3.94176 


18 


0.922382 


0.105832 


43 


22.2715 


5.66354 


19 


1.03212 


0.113758 


44 


29.2508 


8.56095 


20 


1.15017 


0.122493 


45 


40.168 


13.8343 


21 


1.27743 


0.132222 


46 


58.6667 


24.5132 


22 


1.41501 


0.143164 


47 


93.8285 


49.7405 


23 


1.56425 


0.155587 


48 


173.862 


125.732 


24 


1.72679 


0.169813 


49 


426.684 


483.298 


25 


1.90461 


0.18624 


50 


2246.37 


5763.83 



Acknowledgments 

Supported in part by the NSF through a grant for the Institute of Theoretical Atomic, Molecular 
and Optical Physics (ITAMP) at Harvard University and Smithsonian Astrophysical Observatory. AD 
was supported in part by the NSF, and SGP by the Russian Foundation for Basic Research under Grants 
No. 07-02-00210-a and No. 08-02-00460-a. 



7 



REFERENCES 



1. K. D. Bonin and V. V. Kresin, Electric-dipole polarizabilities of atoms, molecules and clusters, World 
Scientific, Singapore, 1997. 

2. H. B. G. Casimir and D. Polder, Phys. Rev. 73, 360 (1948). 

3. G. Barton, Proc. R. Soc. London Ser. A 410, 141 (1987). 

4. F. Zhou and L. Spruch, Phys. Rev. A 52, 297 (1995). 

5. Y. M. Chan and A. Dalgarno, Molec. Phys. 9, 349 (1965). 

6. A. Dalgarno and W. D. Davison, The calculation of van der Waals interactions, in Adv. At. Mol. Phys., edited 
by D. Bates and I. Estermann, volume 2, pages 1-32, Academic Press, New York, 1966. 

7. J. Goodisman, Diatomic Interaction Potential Theory, volume 2, Academic Press, New York, 1973. 

8. M. Antezza, L. P. Pitaevskii, S. Stringari, and V. B. Svetovoy, Phys. Rev. A 77, 022901 (2008). 

9. F. Arnecke, H. Friedrich, and J. Madronero, Phys. Rev. A 75, 042903 (2007). 

10. A. Derevianko, W. R. Johnson, M. S. Safronova, and J. F. Babb, Phys. Rev. Lett. 82, 3589 (1999). 

11. N. A. Lima and M. J. Caldas, Phys. Rev. B 72, 033109 (2005). 

12. X. Chu, A. Dalgarno, and G. C. Groenenboom, Phys. Rev. A 75, 032723 (2007). 

13. J. A. Alonso and A. Mananes, Theo. Chem. Acc. 117, 467 (2007). 

14. A. Derevianko, J. F. Babb, and A. Dalgarno, Phys. Rev. A 63, 052704 (2001). 

15. S. G. Porsev and A. Derevianko, Zh. Eksp. Teor. Fiz. 129, 227 (2006), [Sov. Phys.-JETP 102 195, (2006)]. 

16. S. G. Porsev and A. Derevianko, Phys. Rev. A 65, 020701(R) (2002). 

17. R. R. Teachout and R. T. Pack, At. Dat. 3, 195 (1971). 

18. T. M. Miller, Atomic and molecular polarizabilities, in Handbook of Chemistry and Physics, edited by D. R. 
Lide, chapter 10, pages 10-193, CRC, Boca Raton, FL, 88 edition, 2008. 

19. J. O. Hirschfelder, W. B. Brown, and S. T. Epstein, Adv. Quant. Chem. 1, 256 (1964). 

20. M. Karplus and H. J. Kolker, J. Chem. Phys. 39, 1493 (1963). 

21. M. Gavrila, Physical Review 163, 147 (1967). 

22. R. E. Johnson, S. T. Epstein, and W. J. Meath, J. Chem. Phys. 47, 1271 (1967). 

23. D. M. Bishop and J. Pipin, The Journal of Chemical Physics 97, 3375 (1992). 

24. N. Geum, G.-H. Jeung, A. Derevianko, R. Cote, and A. Dalgarno, J. Chem. Phys. 115, 5984 (2001). 

25. M. S. Safronova, W. R. Johnson, and A. Derevianko, Phys. Rev. A 60, 4476 (1999). 

26. V. A. Dzuba, V. V. Flambaum, and M. G. Kozlov, Phys. Rev. A 54, 3948 (1996). 



8 



27. V. A. Dzuba, M. G. Kozlov, S. G. Porsev, and V. V. Flambaum, Zh. Eksp. Teor. Fiz. 114, 1636 (1998), [Sov. 
Phys.-JETP 84 461, (1997)]. 

28. A. Kumar and W. J. Meath, Molec. Phys. 54, 823 (1985). 

29. F. Maeder and W. Kutzelnigg, Chem. Phys. 42, 95 (1979). 

30. A. Derevianko, W. R. Johnson, and S. Fritzsche, Phys. Rev. A 57, 2629 (1998). 

31. J. M. Amini and H. Gould, Phys. Rev. Lett. 91, 153001 (2003). 

32. M. O. Bulanin and I. M. Kislyakov, Opt. Spectrosk. 85, 897 (1998), [Opt. Spectrosc. 85, 819 (1998)]. 

33. W. H. Press, B. P. Flannery, S. A. Teukolsky, and W. T. Vetterling, Numerical Recipes in FORTRAN 77: The 
Art of Scientific Computing, Cambridge University Press, Cambridge, second edition, 1986. 



9 



Table B 

Dispersion coefficients C(, for alkali-metal atom pairs in atomic units. 



H Li Na K Rb Cs Fr 

H 6.498 66.36(5) 73.83(9) 111.2(2) 124.3(3) 149.7(8) 142.3(1.2) 

Li 1389(2) 1467(2) 2322(5) 2545(7) 3065(17) 2682(23) 

Na 1556(4) 2447(6) 2683(7) 3227(18) 2842(24) 

K 3897(15) 4274(13) 5159(30) 4500(39) 

Rb 4690(23) 5663(34) 4946(44) 

Cs 6846(74) 5968(60) 

Fr 5256(89) 



Table C 

Dispersion coefficients C(, and their estimated uncertainties (in parentheses) for alkaline-earth metal 
atom pairs in atomic units. 

Be Mg Ca Sr Ba 

"Be 214(3) 364(4) 652(7) 782(6) 992(9) 

Mg 627(12) 1138(14) 1369(13) 1742(21) 

Ca 2121(35) 2564(21) 3294(36) 

Sr 3103(7) 3994(29) 

Ba 5160(74) 



Table D 

Dispersion coefficients and their estimated uncertainties (in parentheses) for noble-gas atom pairs 
in atomic units. 

~ He Ne Ar Kr Xe 

He 1.461 3.03(2) 9.55(5) 13.42(7) 19.6(1) 

Ne 6.38(6) 19.5(1) 27.3(2) 39.7(3) 

Ar 64.3(6) 91.1(6) 134.5(9) 

Kr 130(1) 192(2) 

Xe 286(3) 
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Table E 

Dispersion coefficients and their estimated uncertainties (in parentheses) for alkali-metal-alka- 
line-earth metal atom pairs in atomic units. 

Be Mg Ca Sr Ba 

~H 34.8(2) 57.4(6) 98.3(8) 117.5(1) 148(1) 

Li 478(3) 853(8) 1660(14) 2022(3) 2637(19) 

Na 521(4) 926(9) 1782(15) 2167(4) 2815(21) 

K 790(6) 1411(14) 2756(23) 3362(8) 4396(33) 

Rb 873(7) 1556(15) 3030(26) 3697(10) 4832(37) 

Cs 1045(9) 1863(20) 3635(36) 4437(24) 5809(52) 

Fr 963(11) 1701(22) 3265(39) 3974(34) 5170(57) 



Table F 

Dispersion coefficients C(, and their estimated uncertainties (in parentheses) for alkaline-earth - noble 
gas pairs in atomic units. 

He Ne Ar Kr Xe 

~Be 13.23(9) 26.0(2) 97.9(8) 143(1) 221(2) 

Mg 21.3(2) 41.9(5) 159(2) 234(3) 363(4) 

Ca 35.7(3) 70.2(7) 268(3) 396(4) 617(6) 

Sr 42.84(5) 84.2(4) 321(2) 474(2) 739(4) 

Ba 53.7(4) 105.7(9) 403(4) 594(5) 927(8) 



Table G 

Dispersion coefficients C(, and their estimated uncertainties (in parentheses) for alkali-metal - noble 
gas pairs in atomic units. 

He Ne Ar Kr Xe 

~H 1821 5.64(3) 19.8(1) 28.5(2) 42.8(2) 

Li 22.44(2) 43.6(2) 173(1) 259(1) 409(2) 

Na 25.51(3) 49.8(3) 195(1) 291(2) 458(2) 

K 38.86(8) 76.1(4) 296(2) 440(3) 692(4) 

Rb 44.07(11) 86.5(5) 334(2) 494(3) 776(4) 

Cs 53.6(3) 105.4(8) 404(3) 598(4) 936(7) 

Fr 52.4(4) 103(1) 390(4) 575(6) 896(9) 
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Table H 

Coefficients C3 for the atom- surface interaction in atomic units. 
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EXPLANATION OF TABLES 



Table I: Dynamic electric-dipole polarizabilities of hydrogen and alkali-metal atoms at imaginary 
frequencies for use with the 50-point Gauss-Legendre quadrature formula 

Column 1: Frequency: The value (O = 0, yielding the static polarizability a(0) 

The value (Ok, corresponding to the index k in Table A 
Columns 2-8: Value of 0t(0) or a(i(Ok) for the chemical element listed 

Table II: Dynamic electric-dipole polarizabilities of alkaline-earth metal atoms at imaginary fre- 
quencies for use with the 50-point Gauss-Legendre quadrature formula 

Column 1: Frequency: The value (O = 0, yielding the static polarizability Gt(0) 

The value c% corresponding to the index k in Table A 
Columns 2-6: Value of a(0) or cc(i(0k) for the chemical element listed 

Table III: Dynamic electric-dipole polarizabilities of noble gas atoms at imaginary frequencies for 
use with the 50-point Gauss-Legendre quadrature formula 

Same as Table II 
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TABLE I. Dynamic electric-dipole polarizabilities of hydrogen and alkali-metal atoms at 
imaginary frequencies for use with the 50-point Gauss-Legendre quadrature method. 

See page 13 for Explanation of Tables 
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1.2835 [2] 


1.3939[2] 


1.5921 [2] 


1.5244[2] 


co 6 


4.252 


5.3094[1] 


6.1986[1] 


8.0193[1] 


8.7721[1] 


9.9455[1] 


1.0137[2] 


COj 


4.0561 


3.355[1] 


4.0336[1] 


5.06[1] 


5.627[1] 


6.4749[1] 


6.9056[1] 


COg 


3.7895 


2.1584[1] 


2.6414[1] 


3.3376[1] 


3.802[1] 


4.5037[1] 


4.9579[1] 


Wg 


3.4624 


1.4337[1] 


1.7756[1] 


2.326[1] 


2.7268[1] 


3.343[1] 


3.7583[1] 


«ho 


3.0959 


9.8574 


1.2345[1] 


1.7106[1] 


2.066[1] 


2.6166[1] 


2.9784[1] 


(»u 


2.7157 


7.0022 


8.8866 


1.3188[1] 


1.6373[1] 


2.1283[1] 


2.4368[1] 


co l2 


2.3453 


5.1216 


6.6142 


1.0567[1] 


1.3424[1] 


1.776[1] 


2.0363[1] 


0)13 


2.0018 


3.844 


5.0767 


8.7219 


1.1272[1] 


1.5058[1] 


1.7246[1] 


Wl4 


1.6948 


2.9512 


4.0061 


7.3564 


9.6174 


1.2886[1] 


1.4729[1] 




1.4274 


2.3111 


3.2398 


6.2984 


8.2871 


U086[l] 


1.2648[1] 


»16 


1.1985 


1.8417 


2.6767 


5.4454 


7.1818 


9.5655 


1.0902[1] 


con 


1.0049 


1.4902 


2.2523 


4.7358 


6.2421 


8.2676 


9.4258 


0)18 


8.4223[-l] 


1.2221 


1.9245 


4.1313 


5.4316 


7.1542 


8.17 


0)19 


7.06[-l] 


1.0139 


1.6651 


3.6081 


4.7265 


6.1966 


7.098 


0)20 


5.9205[-l] 


8.4974[-l] 


1.4553 


3.1504 


4.1101 


5.372 


6.18 


0)21 


4.9668 [-1] 


7.1822[-1] 


1.2819 


2.7476 


3.5702 


4.6611 


5.3912 


0)22 


4.1676[-1] 


6.1136[-1] 


1.1356 


2.3919 


3.097 


4.0476 


4.711 


0)23 


3. 4963 [-1] 


5.2334[-l] 


1.0098 


2.0774 


2.6821 


3.5171 


4.1221 


0)24 


2.9313[-1] 


4.4989[-l] 


8.9998[-l] 


1.7993 


2.3186 


3.0576 


3.61 


«25 


2.4546[-l] 


3.8785[-l] 


8.0261[-1] 


1.5535 


2.0004 


2.6583 


3.1623 


6)26 


2.0515[-1] 


3.3485[-l] 


7.1525[-1] 


1.3367 


1.722 


2.3104 


2.7689 


0)27 


1.7102[-1] 


2.891[-1] 


6.3608[-l] 


1.1456 


1.4788 


2.0061 


2.4215 


0)28 


1.4207[-1] 


2.4925 [-1] 


5.6376[-l] 


9.7766[-l] 


1.2664 


1.739 


2.113 


0)29 


1.1751[-1] 


2.1428[-1] 


4.9735[-l] 


8.3028[-l] 


1.0812 


1.5036 


1.8379 


O) 30 


9.6682[-2] 


1.834[-1] 


4.3614[-1] 


7.013[-1] 


9.1991[-1] 


1.2953 


1.5914 


0)31 


7.9029[-2] 


1.5602[-1] 


3.7966[-l] 


5.8879[-l] 


7.7965 [-1] 


1.1104 


1.3701 


0)32 


6.4103[-2] 


1.3171[-1] 


3.2757[-l] 


4.9097[-l] 


6.5784[-l] 


9.4575 [-1] 


1.1712 


0)33 


5.1524[-2] 


U013[-l] 


2.7968[-l] 


4.0628[-l] 


5.522[-l] 


7.9902[-l] 


9.9237[-l] 


0)34 


4.0971 [-2] 


9. 1031 [-2] 


2.3587[-l] 


3.333[-l] 


4.6071[-1] 


6.683[-l] 


8.3219[-1] 


0) 35 


3.2172[-2] 


7.4209[-2] 


1.9607[-1] 


2.7077[-l] 


3.8156[-1] 


5.5221[-1] 


6.8947[-l] 


ffl36 


2.4893[-2] 


5.9517[-2] 


1.6028[-1] 


2.1753[-1] 


3.1318[-1] 


4.4973[-l] 


5.6332[-l] 


0)37 


1.8931 [-2] 


4.6826[-2] 


1.2848[-1] 


1.7253[-1] 


2.5416[-1] 


3.6009[-l] 


4.5304[-l] 


0)38 


1.4 108 [-2] 


3.6019[-2] 


1.0066[-1] 


1.3479[-1] 


2.0332[-l] 


2.827[-l] 


3.579[-l] 


0)39 


1.0263[-2] 


2.6979[-2] 


7.6781[-2] 


1.0341[-1] 


1.5966[-1] 


2.1698[-1] 


2.7711[-1] 


0)40 


7.2545[-3] 


1.9581 [-2] 


5.6743[-2] 


7.7582[-2] 


1.2241[-1] 


1.6227[-1] 


2.0971[-1] 


0)41 


4.9534[-3] 


1.3686[-2] 


4.0389[-2] 


5.6563[-2] 


9.0954[-2] 


1.1779[-1] 


1.5452[-1] 


0) 42 


3.2418[-3] 


9.1389[-3] 


2.7483 [-2] 


3.9715[-2] 


6.4885 [-2] 


8.2549[-2] 


1.1023[-1] 


0)43 


2.0123[-3] 


5.7691[-3] 


1.7703[-2] 


2.6512[-2] 


4.3891 [-2] 


5.5437[-2] 


7.5407[-2] 


0) 44 


1.1674[-3] 


3.3923[-3] 


1.0652[-2] 


1.6525[-2] 


2.7695 [-2] 


3.5233[-2] 


4.8728[-2] 


0) 45 


6.1937[-4] 


1.8183[-3] 


5.8682[-3] 


9.3754[-3] 


1.5939[-2] 


2.0733[-2] 


2.9029[-2] 


0) 46 


2.9045 [-4] 


8.5884[-4] 


2.8645[-3] 


4.6648[-3] 


8.0975 [-3] 


1.0867[-2] 


1.535[-2] 


0) 47 


1.1 357 [-4] 


3.3735[-4] 


1.1666[-3] 


1.919[-3] 


3.4329[-3] 


4.7421 [-3] 


6.7792[-3] 


0)48 


3.3079[-5] 


9.8504[-5] 


3.5183[-4] 


5. 8509 [-4] 


1.0815[-3] 


1.5266[-3] 


2.2355[-3] 


0)49 


5. 4925 [-6] 


1.6372[-5] 


5.9695[-5] 


1.012[-4] 


1.9126[-4] 


2.7665 [-4] 


4.1737[-4] 


»50 


1.9816[-7] 


5.9081[-7] 


2.1693[-6] 


3.7292[-6] 


7.2051 [-6] 


1.0596[-5] 


1.6446[-5] 
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TABLE II. Dynamic electric-dipole polarizabilities of alkaline-earth metal atoms for use 
with the 50-point Gauss-Legendre quadrature method. 
See page 13 for Explanation of Tables 



CO 


Be 


Mg 


Ca 


Sr 


Ba 





37.76 


71.26 


157.1 


197.2 


273.5 


CO, 


3.7761[1] 


7.126[1] 


1.5713[2] 


1.9717[2] 


2.7346[2] 


C02 


3.7678[1] 


7.1031[1] 


1.5605 [2] 


1.9555[2] 


2.7034[2] 


CO, 


3.7253[1] 


6.9862[1] 


1.5063[2] 


1.8758[2] 


2.5527[2] 


C0 4 


3.6068[1] 


6.6665[1] 


1.3683[2] 


1.6778[2] 


2.2011[2] 


co 5 


3.3715[1] 


6.0587[1] 


1.1414[2] 


1.3662[2] 


1.704[2] 


co 6 


3.008[1] 


5.184[1] 


8.768[1] 


1.0236[2] 


1.2209[2] 


C07 


2.5525[1] 


4.1845[1] 


6.3831[1] 


7.319[1] 


8.5059[1] 




2.0729[1] 


3.2325[1] 


4.5563[1] 


5.1843[1] 


5.9832[1] 


C09 


1.6321[1] 


2.4354[1] 


3.2695[1] 


3.7271[1] 


4.3314[1] 


fflio 


1.2635[1] 


1.8193[1] 


2.3915[1] 


2.7517[1] 


3.2474[1] 


co n 


9.7285 


1.3632[1] 


1.7939[1] 


2.0939[1] 


2.5192[1] 


»12 


7.5094 


1.03 15[1] 


1.3817[1] 


1.6407[1] 


2.0129[1] 


C013 


5.8375 


7.9115 


1.0916[1] 


1.3194[1] 


1.6469[1] 


C0 14 


4.5801 


6.1592 


8.8202 


1.0842[1] 


1.3718[1] 


co 15 


3.6298 


4.8683 


7.2655 


9.0627 


1.1576[1] 


»16 


2.9053 


3.9049 


6.0798 


7.6742 


9.8569 


C0 17 


2.3471 


3.1759 


5.1505 


6.5592 


8.4461 


co 18 


1.9124 


2.6161 


4.4038 


5.6421 


7.2685 


W19 


1.57 


2.1803 


3.79 


4.8731 


6.274 


C020 


1.2974 


1.836 


3.2758 


4.2187 


5.4271 


C02! 


1.0782 


1.5604 


2.8384 


3.6559 


4.7019 


CO22 


9.0039[-l] 


1.3366 


2.4616 


3.1682 


4.078 


CO23 


7.548[-l] 


1.1527 


2.1343 


2.7435 


3.5396 


CO24 


6.3468[-l] 


9.9944[-l] 


1.8481 


2.3725 


3.0734 


C025 


5.3487[-l] 


8.7016[-1] 


1.5969 


2.0478 


2.6686 


0)26 


4.5139[-1] 


7.5976[-l] 


1.3759 


1.7634 


2.3161 


CO27 


3.8116[-1] 


6.6437[-l] 


1.1812 


1.5144 


2.0081 


£028 


3.2178[-1] 


5.8102[-1] 


1.0098 


1.2964 


1.7382 


CO29 


2.7133[-1] 


5.0746[-l] 


8.5909[-l] 


1.1059 


1.5008 


C0 30 


2.2829[-l] 


4.4195[-1] 


7.2678[-l] 


9.397[-l] 


1.2913 


C0 31 


1.9145[-1] 


3.8318[-1] 


6.1095[-1] 


7.9489[-l] 


1.1058 


CO32 


1.5981[-1] 


3.3015[-1] 


5.0991[-1] 


6.6906[-l] 


9.4128[-1] 


CO33 


1.3258[-1] 


2.8215[-1] 


4.2213[-1] 


5.5999[-l] 


7.9502[-l] 


CO34 


1.0911[-1] 


2.3865[-l] 


3.4627[-l] 


4.657[-l] 


6.6503[-l] 


C0 35 


8.888[-2] 


1.993[-1] 


2.8111[-1] 


3.8439[-l] 


5.4976[-l] 


ffl36 


7.1473[-2] 


1.639[-1] 


2.2553[-l] 


3.1446[-1] 


4.4807[-l] 


CO37 


5.6557[-2] 


1.323[-1] 


1.7851[-1] 


2.5446[-l] 


3.591[-1] 


C0 38 


4.3871 [-2] 


1.0445[-1] 


1.391[-1] 


2.031 1[-1] 


2.8221[-1] 


CO39 


3.3206[-2] 


8.0308[-2] 


1.0641[-1] 


1.593[-1] 


2.1681[-1] 


»40 


2.4388[-2] 


5.9819[-2] 


7.961 [-2] 


1.221 1[-1] 


1.6226[-1] 


C0 41 


1.7262[-2] 


4.2895 [-2] 


5.7918[-2] 


9.0832[-2] 


U783[-l] 


£042 


1.1673[-2] 


2.9376[-2] 


4.0634[-2] 


6.4943 [-2] 


8.258[-2] 


C043 


7.4569[-3] 


1.9017[-2] 


2.7154[-2] 


4.4068[-2] 


5.544[-2] 


C044 


4.4315[-3] 


1.1476[-2] 


1.6976[-2] 


2.7905 [-2] 


3.5224[-2] 


C045 


2.3965[-3] 


6.3285[-3] 


9.6727[-3] 


1.6113[-2] 


2.0737[-2] 


co 46 


1.1397[-3] 


3.0887[-3] 


4.835[-3] 


8.2051 [-3] 


1.0887[-2] 


C047 


4.4978[-4] 


1.2589[-3] 


1.9961 [-3] 


3.4837[-3] 


4.7639[-3] 


co 48 


1.3169[-4] 


3.8074[-4] 


6.0959[-4] 


1.0995 [-3] 


1.5374[-3] 


C049 


2.1915[-5] 


6.4812[-5] 


1.056[-4] 


1.9486[-4] 


2.7913[-4] 


®50 


7.9107[-7] 


2.3589[-6] 


3.8988[-6] 


7.3492[-6] 


1.0706[-5] 
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TABLE III. Dynamic electric-dipole polarizabilities of noble gas atoms for use with the 
50-point Gauss-Legendre quadrature method. 
See page 13 for Explanation of Tables 



CO 


He 


Ne 


Ar 


Kr 


Xe 





1.383 


2.669 


11.08 


16.79 


27.16 


CO, 


1.3832 


2.6693 


1.1082[1] 


1.679[1] 


2.7156[1] 


C02 


1.3831 


2.669 


1.1079[1] 


1.6786[1] 


2.7145[1] 


CO, 


1.3824 


2.6678 


1.1067[1] 


1.6761[1] 


2.7088[1] 


C0 4 


1.3804 


2.6641 


1.1031[1] 


1.6689[1] 


2.6923[1] 


co 5 


1.3761 


2.656 


1.0954[1] 


1.6534[1] 


2.6571[1] 


co 6 


1.3681 


2.6412 


1.0814[1] 


1.6256[1] 


2.5947[1] 


C07 


1.355 


2.617 


1.0591[1] 


1.5819[1] 


2.4986[1] 




1.3355 


2.5811 


1.0269[1] 


1.5202[1] 


2.367[1] 


C09 


1.3081 


2.5315 


9.8423 


1.4405[1] 


2.2034[1] 


fflio 


1.2721 


2.4671 


9.3171 


1.3454[1] 


2.0164[1] 


co n 


1.227 


2.3878 


8.7097 


1.2392[1] 


1.8172[1] 


»12 


1.1732 


2.2948 


8.044 


1.1269[1] 


1.6165[1] 


C013 


1.1117 


2.19 


7.3471 


1.0136[1] 


1.4233[1] 


C0 14 


1.0439 


2.0762 


6.6443 


9.0318 


1.2437[1] 


co 15 


9.7176[-1] 


1.9562 


5.9571 


7.9877 


1.0809[1] 


»16 


8.9716[-1] 


1.8327 


5.3018 


7.0221 


9.3621 


C0 17 


8.2198[-1] 


1.7081 


4.6893 


6.1444 


8.0938 


co 18 


7.4784[-l] 


1.5844 


4.1258 


5.3569 


6.9925 


W19 


6.7605 [-1] 


1.4632 


3.6139 


4.6573 


6.0419 


C020 


6.0757[-l] 


1.3456 


3.1534 


4.0403 


5.2242 


C02! 


5. 4303 [-1] 


1.2325 


2.7424 


3.4989 


4.5216 


CO22 


4.8284[-l] 


1.1244 


2.3777 


3.0256 


3.9179 


CO23 


4.2714[-1] 


1.0215 


2.0555 


2.6129 


3.3983 


CO24 


3.7596[-l] 


9.2402[-l] 


1.7719 


2.2535 


2.9499 


C025 


3.2919[-1] 


8.3201[-1] 


1.5229 


1.9409 


2.5615 


0)26 


2.8667[-l] 


7.4541[-1] 


1.3049 


1.6691 


2.2239 


CO27 


2.4818[-1] 


6.6416[-1] 


1.1142 


1.4329 


1.9291 


£028 


2.135[-1] 


5.8814[-1] 


9.4788 [-1] 


1.2276 


1.6705 


CO29 


1.8237[-1] 


5.1726[-1] 


8.0296[-l] 


1.0493 


1.4427 


C0 30 


1.5457[-1] 


4.5142[-1] 


6.7699[-l] 


8.9435[-l] 


1.2414 


C0 31 


1.2987[-1] 


3.9052[-l] 


5.6773[-l] 


7.5977[-l] 


1.0627 


CO32 


1.0804[-1] 


3.345[-l] 


4.7325[-l] 


6.4289[-l] 


9.0391[-1] 


CO33 


8.8889[-2] 


2.833[-l] 


3.9181[-1] 


5.4141[-1] 


7.6262[-l] 


CO34 


7.2211[-2] 


2.3685[-l] 


3.2189[-1] 


4.5327[-l] 


6.3702[-l] 


CO35 


5.7821[-2] 


1.9512[-1] 


2.6211[-1] 


3.7666[-l] 


5.2567[-l] 


ffl36 


4.5539[-2] 


1.5804[-1] 


2.1 123[-1] 


3.1002[-1] 


4.2747[-l] 


CO37 


3.5189[-2] 


1.2553[-1] 


1.6814[-1] 


2.5197[-1] 


3.4156[-1] 


C0 38 


2.6598[-2] 


9.7463[-2] 


1.3181[-1] 


2.0141[-1] 


2.673[-l] 


CO39 


1.9593[-2] 


7.3682[-2] 


1.0136[-1] 


1.5751 [-1] 


2.0416[-1] 


CO40 


1.4001 [-2] 


5.3982[-2] 


7.6035[-2] 


1.1976[-1] 


1.5163[-1] 


C0 41 


9.648[-3] 


3.8104[-2] 


5.5247[-2] 


8.7897[-2] 


1.0912[-1] 


£042 


6.3624[-3] 


2.573[-2] 


3.8541[-2] 


6.1803[-2] 


7.5839[-2] 


C043 


3.9735[-3] 


1.6472[-2] 


2.5547[-2] 


4.1315[-2] 


5.0763[-2] 


C044 


2.316[-3] 


9.8772[-3] 


1.5877[-2] 


2.6037[-2] 


3.2591 [-2] 


C045 


1.2329[-3] 


5.4433[-3] 


9.0623 [-3] 


1.5259[-2] 


1.9829[-2] 


co 46 


5.795[-4] 


2.6642[-3] 


4.5722[-3] 


8.0494[-3] 


1.1001 [-2] 


C047 


2.2691 [-4] 


1.0845 [-3] 


1.9[-3] 


3.5374[-3] 


5.073[-3] 


»48 


6.614[-5] 


3.2458[-4] 


5.7452[-4] 


1.1184[-3] 


1.6545[-3] 


CO49 


1.0985[-5] 


5.458[-5] 


9.7061 [-5] 


1.9243 [-4] 


2.8817[-4] 


®50 


3.9634[-7] 


1.9807[-6] 


3.5573[-6] 


7.0524[-6] 


1.0532[-5] 
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